Introduction
Haem peroxidases react with peroxides and organic substrates in the following multistep reaction:
Fe ( In the past few years there has been a rapid growth in crystallographic structural information on haem peroxidases. In addition to cytochrome c peroxidase (CCP), whose structure has been known for over 10 years, the structures of myeloperoxidase [ 13, lignin peroxidase (Lip) Figure 1 is shown a schematic representation of MnP and an APX monomer. The helical topography is essentially the same in the two proteins despite the fact that MnP has five disulphide bridges, two structural calcium ions and one crystallographically identified site of glycosylation, while APX has none of these features. The APX monomer (249 residues) is smaller than MnP (357 residues) and CCP (294 residues). APX lacks the /3-structure found in CCP and has a truncated C-terminal region compared with CCP. Both MnP and Lip are larger than either CCP or APX, and this is due to a long C-terminal extension of approximately 50 residues. I shows that the spectrum exhibits a large decrease in the main Soret band near 400nm [13] which is characteristic of a porphyrin n cation radical [ 141.
Therefore it appears that APX Compound I forms a porphyrin n cation radical and a Trp radical despite the fact that the proximal Trp in APX is located in precisely the same place as in CCP. The question is why.
A most notable difference between APX and CCP is the presence of a cation in APX (Figures 1   and 2 ) about 8 A from the proximal Trp. The identification of this site as a cation is based on the very strong difference electron density that persists at this site, seven times above background, when water is modelled at this site. This means that the site is occupied by a more electron-dense molecule/ ion than water. Moreover, the site contains a total of seven ligands: three carbonyl oxygens, and the sidechain oxygen atoms of Asn, Asp and two Thr residues all within 3 A of the cation. This proposed cation site is also at the same position as one of the two Ca2+ sites found in the fungal peroxidases [Z] . Although the identity of the ion remains uncertain, we favour K+ for the following reasons: (1) only one carboxyl group is a ligand, whereas Ca2+ sites usually have more than one negative charge; and (2) the protein is exposed to Na+ and K + buffers during purification. Despite this uncertainty, it is clear that there is a cation about 8 A from the proximal Trp.
The polypeptide fold of CCP is the same in this region, except that in CCP the residues equivalent to the side-chain ligands in APX are either Gly or Ala, except for Thr-199 in CCP which is equivalent to an APX ligand, Asp-187. The presence of the cation in APX may be the reason that APX forms a porphyrin n cation radical rather than a Trp-centred radical. There is only one water molecule between the cation and the proximal Trp, so the dielectric milieu between the cation and proximal Trp is probably low. Hence the electrostatic interaction between the cation and Trp may be sufficiently strong to destabilize a cationic Trp radical relative to CCP. In other words, the proximal Trp in APX is expected to exhibit a higher redox potential than the corresponding Trp in CCP owing to the APX cation.
Is there any functional relevance to this difference? We have found that CCP exhibits very low APX activity while APX exhibits very low CCP activity (W. R. Patterson and T. L. Poulos, unpublished work) . This difference is likely related to the differences in the electrostatic surface of each protein, which is especially important for the recognition of cytochrome c by CCP. Also important is the path of electron transfer. The proximal Trp in CCP is thought to be an essential part of the electron transfer path from cytochrome c to the CCP haem
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Plant Peroxidases, Structure and Molecular Biology [15] . The general picture that has emerged is that the path of electron transfer is cytochrome c-toproximal Trp-to-Fe(1V-0) (Figure 3 ). This path requires that the proximal Trp can readily be oxidized to form a radical. In APX, no Trp radical forms owing to the cation so the site of Compound I reduction is the haem, not the Trp. In this case, the smaller ascorbate substrate might donate its electron at the haem edge near the opening that connects the surface of the enzyme to the haem pocket ( Figure 3 ). Mectron transfer to the haem edge is the same process as is thought to operate with small aromatic substrates of Lip [2] .
Substrate site in MnP
What is missing from this discussion is definitive crystallographic identification of the substrate site in a peroxidase that oxidizes small substrates. The picture with MnP, however, is becoming clearer. F.e of the other fungal peroxidases which we believe is the substrate (Mn2+) binding site. The method used for identifying this site as being occupied by a cation is basically the same as that used for APX. The ligands consist of three carboxylates, one of which is the haem propionate. There are only two places where Lip and MnP (-50% sequence identity) exhibit significant differences in polypeptide conformation: one is an extra loop in MnP, which is well removed from the active site, and the second is precisely in the region of the proposed Mn2+ site. Thus substrate specificity is modulated by changes in surface topography and a small number of amino acid substitutions without a significant change in the arrangement of helices and other secondary structural elements. The electron transfer reaction from the Mn2+ to the iron and/or haem edge is envisioned to occur along the haem propionate.
MnP

Conclusions
Two working hypotheses have emerged from the several new peroxidase and P-450 structures that have recently been solved. First, the basic peroxidase fold is highly conserved and substrate specificity is most likely modulated by changes near the surface of the protein without a substantial rearrangement in overall topography. The location of the MnP substrate site shows only local differences from that of LIP by the substitution of several amino acid side chains and localized changes in the polypeptide which are confined to the surface of the enzyme. Secondly, the path of electron transfer can be controlled by local modulation of the electrostatic environment. The presence of a cation near the proximal Trp in APX raises the redox potential of this Trp so that the proximal Trp cannot serve as an effective electron transfer conduit to the haem. In CCP, the analogous Trp has a lower redox potential and, as a result, can operate to shuttle electrons between cytochrome c and the CCP haem.
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Introduction
The primary function of haem peroxidases is generally considered to be the catalysis of the conversion of H202 into H20. However, these enzymes also have a much wider biological significance. This relates to the concomitant oxidative reactions that occur during catalysis and which involve biomolecules ranging from simple plant hormones to electron transfer proteins, depending on the particular system. In the plant peroxidases, for instance, reducing equivalents are provided by aromatic donor molecules AH,. The well characterized catalytic cycle includes two successive one-electron reduction steps which return the enzyme to the resting state following the formation of the high oxi- The purpose of this paper is to summarize progress made from past and continuing studies of the aromatic donor molecule binding sites of haem peroxidases, although the emphasis will be directed towards plant peroxidases. The latter are known to bind a wide spectrum of aromatic donor molecules, many of which form 1 : 1 complexes with peroxidase in the absence of HzO,. These are particularly suitable candidates for investigation by spectroscopic techniques [S-71. In contrast, it should be noted that other haem peroxidases such as cytochrome c peroxidase (CCP) interact with a macromolecule, in this case cytochrome c [8] . Site-directed mutagenesis has been used to modify this enzyme to provide an artificial cavity for small molecule binding [9] . One example is the W191G CCP mutant, which is found to contain a cavity at the Trp-191 site where a variety of imidazole derivatives are able to bind. Of related interest in the area of peroxidase interactions with biomolecules are the lignin peroxidases. These participate in the breakdown of the complex phenylpropanoid polymer, lignin, a process which is considered to involve mediation by veratryl alcohol (3,4-dimethoxybenzyl alcohol) [ lo].
A putative binding site for this aromatic molecule has already been proposed based on the lignin peroxidase crystal structure [ 113.
The aromatic donor molecule binding site of horseradish peroxidase
